We propose a new stopping criterion for decoding LDPC codes which consists of a measure of decoder behaviors and a decision rule to predict decoding failure. We will show that the proposed measure, the number of satisfied check nodes, does not need (or minimizes) additional complexity, and the decision rule is efficient and more importantly channel independent, which was not possible in the previous work.
Introduction
Recently, rate-compatible LDPC codes [1] have been introduced and there have been many attempts to incorporate the rate-compatible LDPC codes into the type-II Automatic Repeat reQuest (ARQ) protocol [2] . In such attempts, the decoding latency of iterative decoders becomes, in some cases, prohibitively longer since the decoder iterates for a maximum number of iterations. Such a practical issue motivates us to propose a stopping criterion for LDPC codes which predicts decoding failure instead of detecting successful decoding. If the decoder for LDPC codes predicts the decoding failure before reaching the maximum number of iterations, the receiver can more rapidly response to the transmitter and request for additional parity bits with the type-II ARQ protocol. Together with the better efficiency of the ARQ protocol, the receiver can save power consumption by avoiding the unnecessary iterations.
We find that there is a previous work [3] on the prediction of decoding failure which consists of two key elements: 1) a measure of decoding behaviors and 2) a decision rule. The measure of decoding behaviors is the changes of loglikelihood ratio (LLR) values during iterations. However, the previous work requires additional complexity since the LLR values are in a form of floating point or multi-bit resolution. Thus, in some cases, the power consumption due to the additional complexity for the prediction may offset the power saving from the early termination. The decision rule also needs a channel dependent parameter.
In 
Previous Work
The stopping criterion in [3] is based on the observation of the variable node reliability (VNR) which is defined as
Simulation Results
In [3] , the performance of the stopping criterion is evaluated in terms of frame-error rate (FER), average number of iterations (ANT), and false-alarm rate (FAR). The FAR is defined as the rate of terminated decoding which would have been successfully decoded if a stopping criterion were not applied. Actually, ANT can be made arbitrary small, if a stopping criterion terminates all suspicious decoding at an early stage of the iterations, which however, results in unnecessary retransmissions in ARQ protocols. Thus, we evaluate the performances of FAR and ANT at the same time and find that the two performance measures are complementary. That is, if we set a required FAR low, then ANT becomes higher and vice versa. thereafter, which will be shown soon.
The simulation results clearly show that the FARs with the proposed criterion outperform those with the previous work. However, in the case of ANT, it seems that the previous work shows better performance, which may mislead readers into believing better performance of the previous work. As aforementioned, the smaller ANIs with the previous work is due to higher FARs. In the comparison between the decoding with/without the proposed stopping criterion, we can conclude that the proposed stopping criterion saves significant amount of iterations as compared to the conventional decoding algorithm together with lower FARs than those of the previous work.
Since the performances of the proposed and previous criteria depend on the choices of parameters, we are interested in the variations of FARs and ANIs with different choices of parameters. In this experiment, we try to find the best choice of parameters for each ANT which minimizes FAR. We depict the simulation results in Fig. 3 , where a:b:c indicates a range of numbers from a to c by step b. We also find the best choice of parameters for the previous work.
Again, we can see the complementary behavior of ANT and FAR in Fig. 3 . However, the proposed stopping criterion shows better performances when the FAR is less than 10-1.
In Fig. 4 , we compare the ANIs of the BP decoding with the proposed and previous stopping criteria on an AWGN and a fading channel where all coded symbols have independent channel gains which follow a Rayleigh distribution with unit power gain. The comparisons show that the proposed stopping criterion is channel independent. However, the results from the previous stopping criterion have much variations which is due to the channel dependent parameter, MB. 
Conclusion
We propose a stopping criterion made up of a simple measure of decoding behaviors and a channel independent decision rule to predict decoding failure of LDPC codes. In addition to the computational advantage of the proposed measure, the proposed decision rule is channel independent which is very important in practical situations. In performance comparisons we show that the proposed stopping criterion significantly lowers ANT as compared to the conventional BP decoding together with better FARs than those of the previous work. Such lower FARs and smaller number of iterations provide better efficiency of ARQ protocols.
